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[57] ABSTRACT 

The present invention provides methods for testing gene 
expression in a cotton fiber cells- The methods comprise 
contacting the cell with A^fobactcrium sp., comprising a 
recombinant T-DNA vector, which includes a plant promoter 
opera bly linked to a gene of interest; and detecting the 
product of the polynucleotide of interest, thereby testing for 
expression of the polynucleotide of Jotcrcst. 

13 Claims, No Drawings 
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METHOD FOR ASSAYING GENETIC between 9-14 Hays postonthesis. Usually, Agrotecterium 

ATTRIBUTES IN COTTON FIBER CELLS twnefimens is used. m 

auiujjuaio wi A number of desired polynucleotides can be used in the 

ufFT n nF ttii* INVENTION invention. For instance, genes which alter the color of the 

FIELD OF T1IL INVENTION ^ ^ ^ ^ ^ ^ ^ ^ , mbodiatcnls> ^ 

The present invention is directed to plant genetic ongi- * polynucleotide of interest may include sequences which 

neering to particular, it relates to the transient expression of target the product of the polynucleotide of interest to plastids 

genes of interest in cotton liber cells. in the cotton fiber cell. In other embodiments, the polynucle- 
otide or interest is a reporter gene, such as p-glucurumdafie. 

BACKGROUND OF THE INVENTION In these embodiments, the reported gene can be used to 

detect and measure expression of the vector. Thus, for 

A fundamental problem in genetic research involving Stance, the ability of a promoter or other regulatory 

cotton (Go$syp ium hirsutum) is the lack of a rapid and sequence* to direct expression in cotton fiber cells can be 
simple method to measure expression of a gene of interest in 

the cotton fiber cell. Evaluadon of the phenotypc of genes* of ^ { nvent j 0ll further provides cotton fiber cell* compris- 

interest is useful in designing transgenic plants with desired W ^ a fccomD inant T-DNA vector, which includes a plant 

characteristics. Different genetic parameters may affect the promoter opcrably linked to a polynucleotide of interest as 

pnenotype produced by a gene of interesi. For instance, described above, 

various expression cassettes may regulate ihe expression of Definitions 

a gene of interest differently, thus changing the resulting The phrase "nucleic acid sequence" refers to a single or 

phenotype of a transformed plant. One skilled in the art 20 double^trandcd polymer of deoxyribonucleotide or ribo- 

wovld recognize that an expression cassette may be altered nucleotide bases read from the 5* In the 3' end. It includes 

bo as to affect a corresponding phenotype. Such alterations chromosomal DNA, self- rep Heating plaSmidS, infectious 

include, inter alia : varying thetype or length of the promoter polymers o r DNA or RNA and DNA or RN A that performs 

and/or including or excluding enhancer elements, ribosomaJ a primarily structural role. 

binding sites, introns, and/or polyadcnylation sites. 25 A "promoter" is deUned as an array of nucleic acid control 
Therefore, to obtain the optimal desired phenotypc, trans- sequences that direct transcription of an operably linked 
formation using many different variations of an expression nucleic arid. As used herein, a "plant promoter is a pro- 
caine inuTlhe plant of interest is enable. meter toon* in plants, even tliough obtained from 
_ , , „ e * other organisms, such as plant viruses. Promoters mclude 
Although methods for the transformation of cotton are nccCtS6ary nuclff ic acid sequences near the start site of 
known (Umbcck. U.S. Pat. Nos. :>,004,8o3 and 5,159,135; M transcription,' such as, in the case of a polymerase H type 
WO 92/15675, published Sep. 17, 1992), these methods promoteT , a TATA element. A promoter also optionally 
typically have very low transformation e fficiencies. includes distal enhancer or repressor elements, which can be 
Furthermore, these methods require a significant amount of located as much as several thousand base pairs from the start 
time and greenhouse space to regenerate and identify trans- site of transcription, 'llie term "opcrably linked" refers to a 
formed plants. Therefore much time and effort is expended 35 functional linkage between a nucleic acid expression control 
to identify an expression cassette that produces the optimal sequence (such a& a promoter, or array of transcription factor 
desired phenotypc. hinding sites) and a second nucleic acid sequence, wherein 
Cotton is a plant of great commercial importance. One "e expression control sequence directs transcription of the 
significant product from cotton plants, cotton fiber tissue, is rt nudizic acrid I corresponding to the second sequence. 
uSd in the production of textiles. The cotton fiber cells that 40 , ™ c lcrm includes wliok plants, plant orpins (e.g.. 

make up cotton fiber tissue arc therefore of great interest. k* vc *> **™> n ™*™> ™ Ls > T^u^^Tl?^ « 

_ _ . \ . ... „ c , „ , * AA „ progeny of same. The class of plants which can be used in 

Manmulation 01 the cotton fiber cell . ph«n^^ j^tt L method of the invention is generally as broad as theclass 

novel and economically important improvement to cotton » transformation techniques, 

fiber Ussue and ; thus ^ ^ M^ite including angicttperm* (monocotyledooous and dicoty^ 

cotton fiber ceU mcludc, inter aha, fiber strength, length, » J* J ^ ^ It p £ m 

color and acociiauo. of a vari<jty Qf ploidy leve]fit ujciu/Jhig polyploid, diploid. 

Although transient expression has been documented in hiljploid ^ hemizygous. 

tobacco, maize and Arabidopsis, (sec e.g.. Hansen ct »U Apolvnucleotidc sequence is "heterologous to'* an organ- 

Proc. Natl Acad Sci. USA 91: 7n03-7607 (1994)), transient $0 bmor a^cwdpolvnuckolidcscqucrweif itoriumaleslium 

expression has never been achieved in such a specialized a Hpecies? ^ ^ froni ^m* sp^cs, is modified 

cell type as cotton tissue fiber cells. The invention presented iio m i te original foroa. For example, a promoter operably 

herein addresses these and Other problems. tinked to a heterologous coding sequence rel'ert to a coding 

«nniAn V ^.i. uc i vr\ m xttt rwr sequence from a species different from that from which the 

SUMMARY 01* 1'Hfe INVENTION 55 ^ m ox tt was derived, or, if from the same species, a coding 

The present invention provides methods for testing gene sequence which is different from any naturally occurring 

expression in a cotton fiber cells. The methods comprise allelic variants. 

contacting the cell with Agrobactcrium sp.„ comprising a A polynucleotide "exogenous to" an individual plant is a 
recombinant T-DNA vector, which includes a plant promoter polynucleotide which is introduced into the plant by any 
opcrably linked to a polynucleotide of interest; and detecting m means other than by a sexual cross. Examples of means by 
the product of the polynucleotide of interest, thereby testing which this can be accomplished are described below, and 
for expression of the polynucleotide of interest. Any of a include Agrobacterium-mcdiated transformation, biolistic 
number of promoters can be used in these constructs. methods, electroporation, and the like. Such a plant con- 
Typically, a fiber-Specific promoter, such as that from the taining the exogenous nucleic acid is referred to here as an 
Rac'13 gcnc T is used. Other promoters such as, constimtive ftj generation transgenic plant. Transgenic plants which 
promoters can ateo be used. The age of the cotton fiber cell arise from sexual cross or by selling are descendants of such 
when it is contacted with the AgrobACtcriuni is preferably a plant. 
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A "polynucleotide of interest" is any polynucleotide 
whose expression vao bo dcLeaed in a pi am cell, preferably 
a cotton fiber cell. The polynucleotide can encode u polypep- 
tide of interest or tf anserine a desired mftNA raokculc, such 
as an antisenso transcript, The polynucleotide of interest can 
also be a reporter gene used to test function of a promoter in 
cotton fiber cells. Examples of suitable reporter 

In the case of both expression of transgenes and inhibition 
of endogenous genes (e.g., by aotisensc, or sense 
suppression) one of skill will recogni*/e that the inserted 
polynucleotide sequence need not be identical, but may be 
only "substantially identical" to a sequence of the gene from 
which it was derived. 

In the case where the inserted polynucleotide sequence is 
transcribed and translated to produco a functional 
polypeptide, one of skill will recognise that because of 
codoti degeneracy a number of polynucleotide sequences 
will encode the same polypeptide. Vwo nucleic acid 
sequences or polypeptides are said to be "identical" if the 
sequence uf nucleotides or amino acid residues, respectively, 
in the two sequences is the same when aligned for maximum 20 
correspondence as described below. The terms "identical" or 
percent "-identity," in the context of two or more nucleic 
acids or polypeptide sequences, refer to two or more 
sequences or subsequences lhat are the same or have 3 
specified percentage of amino acid residues or nucleotides 2$ 
that arc the same, when compared and aligned for maximum 
correspondence over a comparison window, as measured 
using one of the following sequence comparison algorithms 
or by manual alignment and visual inspection. When per- 
centage of sequence identity is, used in reference to proteins 30 
or peptides, it is recognized that residue positions that are 
not identical often differ by conservative amino acid 
substitutions, where amino acids residues arc substituted for 
other amino acid residues with similar chemical properties 
(e.g., charge or bydropbobiciiy) and therefore do not change 35 
the functional properties of the molecule. Where sequences 
differ in conservative substitutions, the percent sequence 
identity may be adjusted upwards to correct for the conser- 
vative nature of the substitution. Meant for making this 
adjustment arc well known to those of skill in the an. ao 
Typically this involves scoring a conservative substitution as 
a partial rather than a full mismatch, thereby increasing the 
percentage sequence identity. Thus, for example, where an 
identical amino acid is given a score of 1 and a non- 
conservative substitution is given a score of ?ero, a conser- 45 
vative substitution is given a score between zero and 1. The 
scoring of conservative substitutions is calculated according 
to, e.g., the algorithm of Meyers & Miller. Computer AppliQ. 
tfioi $cL 4:H-l7 (1988) e.g., as implemented in the pro- 
gram PC/GENE (Intclligeuctics, Mountain View, Calif., 50 
USA). 

A "recombinant T-DNA vector" refers to a polynucleotide 
sequence that contains al least one T-UNA border sequence 
and lhat is not integrated into plant chromosomal DNA. 

The phrase "substantially identical " in the context of two 55 
nucleic acids or polypeptides, refers to sequences or subse- 
quences that have at least 60%, preferably 80%, most 
preferably 90-95% nucleotide or amino acid residue identity 
when aligned for maximum correspondence over a compari- 
son window as measured using one of the following 60 
sequence comparison algorithms or by manual alignment 
and visual inspection. This definition also refers to the 
complement of a test sequence, which has substantial 
sequence or subsequence complementarity when the test 
sequence has substantial identity to a reference sequence. 6S 

For sequence comparison, typically one sequence acts as 
a reference sequence, to which test sequences arc compared. 
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When using a sequence comparison algorithm, test and 
reference sequences are entered into a computer, subse- 
quence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. 
5 Default program parameters can be used, or alternative 
parameters can be designated. The sequence comparison 
algorithm then calculates the percent sequence identities for 
the test sequences relative to the reference sequence, based 
on the program parameters. 

A "comparison window**, as used herein, includes refer- 
ence to a segment of any one of the number of contiguous 
positions selected from the group consisting of from 20 to 
600, usually about 50 to about 200, more usually about 100 
to about 150 in which a sequence may be compared to a 
reference sequence of the same number of contiguous posi- 
tions after the two sequences are optimally aligned. Methods 
of alignment of sequences for comparison arc well-known in 
the art. Optimal alignment of sequences for comparison can 
be conducted, e.g., by the local homology algorithm of 
Smith & Waterman, Adu Appl Math. 2:482 (1981), by the 
homology alignment algorillun of Needleoian & Wunsch,/. 
Mol BioL 48:443 (1970), by the search for similarity 
method of Pearson & Lipman, Pwc. Nut'L Acad. ScL USA 
85:2444 (1988), by computerized implementations of these 
algorithms (GAP, BKSTflT, FASTA, and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer 
Group, 575 Science Dr., Madison, Wis.), or by manual 
alignment and visual inspection. 

One example of a useful algorithm is PILEUP. PILEUP 
Creates a multiple sequence alignment from a group of 
related sequences using progressive, pair wise alignments to 
show relationship and percent sequence identity. It also plots 
a tree or dendogram showing the clustering relationships 
used to create the alignment. PILEUP uses a simplification 
of the progressive alignment method of Feng & Doolittle,./. 
Mol Evol 35:351-360 (1987). The method used is similar 
to the method described by Higgins & Sharp, CAB/OS 
5:151-153 (1989). The program can align up to 300 
sequences, each of a maximum length of 5,000 nucleotides 
or amino acids. The multiple alignment procedure begins 
with the pairwise alignment of the two most similar 
sequences, producing a cluster of two aligned sequences. 
Ulils cluster is then aligned to the next most related sequence 
or cluster of aligned sequences. Two clusters of sequences 
are aligned by a simple extension of the pairwise alignment 
of two individual sequences. The final ab^nmeot is achieved 
by a scrks of progressive, pairwise alignments. The program 
is run by designating specific sequences and their amino acid 
or nucleotide coordinates for regions of sequence compari- 
son and by designating the program parameters. For 
example, a reference sequence can be compared to other lest 
sequences to determine the percent sequence identity rela- 
tionship using the following parameters: default gap Weight 
(3.00), default gap length weight (0.10), and weighted end 

Another example of algorithm that is suitable for deter- 
mining percent sequence identity and sequence similarity is 
the BLAST algorithm, which is described in AUschul el al., 
J, Mol Biol 215:403-410 (1990). Software for performing 
BLAST analyses is publicly available through the National 
Center for Biotechnology Information (http.vV 
www.ncbi.nlm.nih.gov/). This algorithm involves first iden- 
tifying high scoring sequence pairs (HSI^) by identifying 
short words of length W in the query sequence, which either 
match or satisfy some positive-valued thrcshotd score T 
when Aligned with a word of the same length in a database 
sequence. T is referred to as the neighborhood word score 
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threshold (Altschul ci al, supra). These initial neighborhood 
word Kits ad as seeds Tor Sniliating searches to find longer 
HSPs containing them. Tbc word hits arc extended in both 
directions along each sequence for as far as the cumulative 
alignment score can bo increased. Extension of tbc word hits 
in each direction arc halted when: the cumulative alignment 
scow falls off by the quantity X from its maximum achieved 
value; the cumulative score goes to zero Of below, due to the 
accumulation of one or more negative-scoring residue align- 
ments; or the end of either sequence is reached. The BLAST 
algorithm parameters W, T, and X determine the sensitivity 
and speed of the alignment. The BLAST program uses as 
defaults a wordfength (W) of 11, the BLOSUM62 scoring 
matrix (sec HcnikofI & Henfroff, Proc. Natl Acad. ScL USA 
80:10915 (1989)) alignments (B) of 50, expectation (E) of 
10, M.~$, N=-4, and a comparison of both strands. 

The BLAST algorithm also performs a statistical analysis 
of the similarity between two sequences (see, e.g., Karlin & 
Altschul, 1'roc. Nat 'I. Acad. ScL USA 90:5*73-5787 
(1993)). Odc measure of similarity provided by the BLAST 
algorithm is the smallest sum probability (P(N)), which 
provides an indication of the probability by which a match 
between two nucleotide or amino acid sequences would 
occur by chance. For example, a nucleic acid is considered 
similar to a reference sequence if the smallest sum prob- 
ability in a comparison of the test nucleic acid to the 
reference nucleic acid is less than about 0.2, more preferably 
less than about 0.01 , and most preferably less than about 
0.001. 

"Conservatively modified variants" applies lo both amino 
acid and nucleic acid sequences. With respect to particular 
nucleic acid sequences, conservatively modified variants 
refers to those nucleic acids which encode identical or 
essentially identical amino acid sequences, or where the 
nucleic acid does not encode an amino acid sequence, lo 
essentially identical .sequences. Because of the degeneracy 
of the genetic code, a large number of functionally identical 
nucleic acids encode any given protein. For instance, the 
codons GCA, GCC, GCG and GCU all encode the amino 
acid alanine. Thus, at every position where an alanine Is 
specified by a codon, the codon can be altered to any of the 
corresponding codons described without altering the 
encoded polypeptide. Such nucleic acid variations are 
"silent variations/* which are one species of conservatively 
modified variations. Every nucleic acid sequence herein 
which encodes » polypeptide also describes every possible 
silent variation of the nucleic acid. One of skill will recog- 
nize thai each codon in a nucleic acid (except AUG, which 
is ordinarily the only codon fior methionine) can he modified 
to yield a functionally identical molecule. Accordingly, each 
silent variation of a nucleic acid which encodes a polypep- 
tide is implicit in each described sequence. 

As to amino acid sequences, one of skill will recognise 
that individual substitutions, deletions or additions to a 
nucleic acid, peptide, polypeptide, or protein sequence 
which alters, adds or deletes a single amino acid or a small 
percentage of amino acids in the encoded sequence is a 
"conservatively modified variant" where the alteration 
results in the substitution of 90 amino acid with a chemically 
similar amino acid. Conservative substitution tables provid- 
ing functionally similar amino acids art; well known in the 
art. 

The following six groups each contain amino acids (hat 
are conservative substitutions for one another: 

1) Alanine (A), Serine (f>), Threonine (T); 

2) Aspartic add (D), Glutamic acid (E); 

3) Asparaginic (N), Glutaminc (Q); 
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4) Arginine (R), Lysine (K); 

5) Isoleueinc (1), Uucine <L)» Methionine (M), Valine 
(V); and 

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 
s (see, e.g., Creighton, Proteins (1984)). 

An indication that two nucleic acid sequences or polypep- 
tides are substantially identical is thai the polypeptide 
encoded by the first nucleic acid is immunologically cross 
reactive with the antibodies raised against the polypeptide 

to encoded by the second nucleic acid. Thus, a polypeptide is 
typically substantially identical to a second polypeptide, for 
example, where the two peptides differ only by conservative 
substitutions. Another indication that two nucleic acid 
sequences are substantially identical is (bat the two mOl- 

15 ccules Or their complements hybridize to each other Under 
Stringent conditions, as described below. 

The phrase "selectively (or specifically) hybridizes to" 
refers to the binding, duplexing, or hybridizing of a mol- 
ecule only to a particular nucleotide sequence under strin- 

20 gent hybridization conditions when that sequence is present 
in a complex mixture (e.g., tola] cellular or library DNAOf 
RNA). 

The phrase "stringent hybridisation condition*" refers to 
conditions under which a probe will hybridize to its target 

25 subsequence, typically in a complex mixture of nucleic acid, 
but to no other sequences. Stringent conditions are 
sequence-dependent and will be different in different cir- 
cumstances. Longer sequences hybridize specifically at 
higher temperatures. An extensive guide to the hybridization 

30 of nucleic acids is found in Tijssen, Techniques in Biochem- 
istry and Molecular Biology "Hybridization with Nucleic 
Probes, "Overview of principles of hybridization and the 
strategy of nucleic acid assays" (1993). Generally, highly 
stringent conditions are selected to be about 5-10° C. lower 

35 Xbao tbc therm al melting point (T,^ for the specific sequence 
at a defined ionic strength plL IjOW stringency conditions are 
generally selected to be about 15-30° C bejow the T,„. The 
T M is the temperature (under defined ionic strength, pH, and 
nucleic concentration) at which 50% of the probes COmple- 

40 memory to the target hybridize to the target sequence at 
equilibrium (as the target sequences are present in exeeiw, at 
T m , 50% of the probes are occupied at equilibrium). Strin- 
gent conditions will be those in which the salt concentration 
is less than about 1,0 M sodium ion, typically about 0.01 to 

45 1.0 M sodium ion concentration (or other salts) at pH 7.0 to 
#3 and the temperature is at least about 30* C. for short 
probes (e.g., 10 to 50 nucleotides) and at least about 00^ U. 
for long probes (e.g., greater than 50 nucleotides), Stringent 
conditions may also be achieved with the addition of desia- 

50 bilizirig agents such as form&midc. For selective or specific 
hybridization, a positive signal is at least two times 
background, preferably 10 time background hybridization. 

Nucleic acids that do not hybridise to each other under 
Stringent conditions are still substantially identical if the 

55 polypeptides which they encode are substantially identical. 
This occurs, for example, when a copy of a nucleic acid is 
created using the maximum codon degeneracy permitted by 
the genetic code. In such cased, the nucleic acids typically 
hybridize under mOddrtuMy stringent hybridization condi- 

60 lions. 

In tbc present invention, genomic JDNA or cDNA com- 
prising nucleic acids of the invention can be identified in 
standard Southern blot* under stringent conditions using the 
nucleic acid sequences disclosed here. For the purposes of 
«i th is disclosure, suitable stringent conditions for such hybrid- 
Nations are those which include a hybridization in a buffer 
Of 40% formamidc, 1 M NaCl, 1% SDS at *7° C t| and al 
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50° C, usuaUy about 55° C to about 60° C, for 20 minutes, mai^ (G^Bank No U4S855^ Manjuualb et il, lam Mot. 

X.^^n,Sy^^ » those ne of u,^iia a specific Ussuo SU ch^conon 
rcc^nizu tuai aiLcrociuv^ u / wlu ^^ u ' e .. n( ^. v fiber cell and/or associated ovules under more precise cnvi- 
can be utftad Uo proindc f^^^^^XS" Cental or developmental control. Examples of environ- 
Aflutter inmcation thattwo polynucleondcs arc su^an- ™m ^ lransCfi tiofl 5y iTKludb , e 
tially identical* if the reference sentence, ampl.hed by » ™ oXm inC i udc ana erobic conditions, elevated 
pair of oligonucleotide pnmers, can then be used as a pmno { empcrallire or tue presence of light. Such promoters are 
under stringent hybridization conditions to isolate the test 10 reftrwd tQ £ cre m "inducible'' or " tissue -specific" promot- 
scquence from a c|)NA or genomic library, or to identify the ^ 0qc of ^ wiU ^cogUM Lhal a tissue-specific pro- 
test sequence in, e.g., a northern or Southern blot. may exprfc!is i on 0 e 0 perably linked sequences in 

DETAILED DESCRIPTION OF THE ilssut& other than the target tissue. Thus, as used herein a 

ul iau-ll jlj^y^^ tissue-spccific promoter is one that drives expression pref- 

' ereutially in the target tissue, but may also lead to some 

this invention provides methods for assaying the pheno- expression in otter tissues as well, 

type o£ a gene of interest in a cotton fiber ceil without Example* of promoters under developmental control 

regenerating whole transgenic plants. This invention also j nCal dc promoters that initiate transcription only (or prima- 

provides a method for measuring the activity of a promoter rJly 0ply ) in (issues, such as cotton fiber, seed, or 

of interest in a cotton fiber cell without regenerating whole 30 fiowcr5< Promoters lhai direct expression of nucleic acids in 

transgenic plants. cotton Jlbers and ovules are particularly useful in the present 

L Preparation of recombinant vectors invention. As used herein a cotton Jiber-specific procooter is 

Generally, the nomenclature and the laboratory proce- OTu; which directs expression in cotton fiber cells. Examples 

duxes in recombinant DMA technology described below are 25 include a promoter from the cotton fiber-specific Racl3 gene 

those well known and commonly employed in the art. described in pending PCI* application No. WO 96/40924 

Standard techniques are used for cloning, DNA and RNA (published Dec. 19, 1996) and Delmer et al, Mol. Gen. _ 

isolation, amplification and purification. Generally enzy- C<?net. 248:43-51 (1994). Other suitable cotton-fiber spe- 

malic reactions involving DNA Jigase, DNA polymerase, dlic promoters are derived from the following: the 4~-4 

restriction endonucleases and the JOcc arc performed accord- M cJDKA clone and the lipid transfer protein (both described in 

ing to the manufacturer's specifications. 'JTicsc techniques per WO 96/40924 (Dec. 19, 1906)) and the E6 cDNA 

and various other techniques are generally performed (described in John and Crow, Prvc. Nut!. Acad. Set. USA> 

according to SambrooV ct al., Molecular Ctanin&~A Labo* 89(13):576°-5T73 (1 992). 

ra/^Af^uatC^ldwSpring Harbor Laboratory^ Cold Spring Methods for isolation of promoters are known. For 

Harbor, N.Y., (1989), 35 instance, the full length of a promoter sequence may be 

A. Promoters isolated if a portion of the promoter or the corresponding 

To perform the invention, recombinant DNA vectors gene sequenco is known. One skilled in the art will recog- 

suitablc for transformation of plant cells are prepared. The nize that a variety «f small or large insert genomic DNA 

DNA vector may include a polynucleotide of interest coding libraries may be screened using hybridization or polymerase 
for a desired polypeptide. For example, a cDNA sequence 40 chain reaction (PGR) technology to identify library clones 

encoding a full length protoin, is convcnienlly combined containing the desired sequence. Typically, the desired 

with transcriptional and translationa! initiation regulatory sequence may be used as a hybridization probe to identify 

sequences which will direct the transcription of Uic sequence individual library clones containing the known sequence, 

from the gene jo a cotton Tiber cell. Alternatively, PGR primers based on the known sequence 
Various transcriptional regulatory sequences arc known. 45 maybe designed and used in conjunction with other primers 

For example, for overcxprcssion, a plant promoter fragment amplify sequences adjacent to the known DNApolynuclc- 

may be employed which will direct expression of the gene otiJtS sequence. Library clones contaimog adjacent DNA 

of interest. Such promoters are referred to herein as "con- sequences may thereby be identified, Restriction mapping 

stitutivc" promoters and are active under most coviroorocn- hybridization analysis of the resulting library clones' 
tal conditions and states of development or cell differentia- 50 DNA inserts allows for identification of the DNAsequenccs 

lion. Examples of constitutive promoters include the adjacent 10 the known DNA polynucleotide sequence. Thus, 

cauliflower mosaic vims (CaMV) 35S transcription initia- promoters may be isolated if only a portion of a promoter 

tion region, the 1 •- or 2 1 - promoter derived from the T-DNA sequence is known. 

of Agrvbacterium tumafacitrn* various ubiquitin or poly- If proper polypeptide expression is desired, a polyadcny- 
ubiquitin promoters derived from, inter aUa. Arabidopsis SS Nation region at the 3'-end of the coding region should be 

(Sun and Callia^/ir/., 11(5): 1017-1027 (1997)), the mas, included. The polyadenylation region can be derived from 

Mac or DoublcMac promoter* (described in U.S. Pat. No. the natural gene, from a variety of other plant genes, or from 

5,1OG,730 and by Coroai ct al., Plant Mol. BM 15:373-381 * T-DNA. 

(1990)) and other traoscription initiation regions from vari- As used herein,, gene expression may result from transient 
ous plant genes known to those of skill in the art. Such genes fio or stable expression of a polynujcotide sequence in a plant 

include for example, ACTll from Arabidopsis (Huang etal., cell. Transient expression detected in the methods of the 

Plant Mot Biol 33: 1 25-139 (1996)), Cat3 from Arabidopsis invention refers to introduction and detection of a polynucle- 

(GcnBnnk No. U43147, Zhoog et a!., Mai. Gen Genet. otide in a cell that is not integrated into the cell's chromo- 

251: 196-203 (1996)), the gene encoding stearoyl-aeyl car- somes. Stable expression includes introduction of a DNA 
rier protein de**nm*« frnm fiwtica napux (Genbank No. 65 polynucleotide sequence into a cell's chromosomes. Either 

X74782, Soloeombe el al.. Plant Physiol. I0d: 1 1 67-1 176 mechanism Of expression (i.e. transient or stable) may be 

(1994)), GPcl from maiie (GcoBank No. XI 5596, Martinez used in the present invention. 
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B. Polynucleotides of Interest 

This invention provides, inter alia, for a method to express 
genes of interest in a cotton fiber cell. Of particular interest 
are genes the affect qualities of the cotton iibcr cell such as 
fiber strength, length, color, texture and debcllatio. See 
generally, pending FCT application No. WO 96/40924 pub- 
j liahed Dec. 19, 1996. Multiple polynucleotide sequences 
| may be expressed simultaneously by the methods of this 
; invention. If multiple polynucleotide sequences are 
1 expressed, the polynucleotide sequences may either function 
1 to express the same or different phenotypes. 
\ Among tho genes that affect cotton liber color are genes 
involved in the production or melanin and indigo. Melanjns 
arc dark brown pigments found in plants, animals and 
microorganisms. Examples of genes affecting melanin pro- 
duction include the tyrosinase gene and 0RF438 from 
Strsptomyces aniWiottcus. Indigo production is affected by 
munooxygenascs such us xylene oxygenase which oxidizes 
toluene and xylene to (methyl) benzyl alcohol and also 
transforms irxJole into indigo. Other genes such as naphtha- 
f kne dioxygenase and trypiophanase also affect indigo pro- 
duction. 

j Typically, the products of such genes are targeted for 
i expression in organelles in the fiber cell, particularly plas- 
\ tids. Plastid targeting sequences are known from a number 
\ of nuclear genes encoding plastid proteins. Examples of 
suitable targeting sequences are provided in WO 96/40924, 
v supra- 

Reporter genes may at&o be expressed from an expression 
cassette 15 according the method of this invention. Reporter 
genes arc often used to indirectly measure the rate of 
transcription from a promoter. A commonly used reporter 
gene in plants encodes P-glvcurootdasc (GUS). After cells 
are transformed with an expression cassette including a 
promoter operably linked to the GUS gene, GUS enzyme 
activity may be measured using X-Glc as a substrate 
(Jefferson, EMBO J„ 6:3901-3907 (1987)). The GUS 
enzyme converts the suns tr ate into a blue chemical which 
may be quantified using pholospectrometry as will be rec- 
ognized by one skilled in the art. Other reporter genes 
include , inter alia: (5-galacU)Kidase and green fluorescent 
protein. 

Expression products of expressed genes can be delected in 
many ways, depending on the nature Of the product. Detec- 
tion methods include tmrnuno-assays, enzyme assays or 
visual inspection. For example, methods of detecting expres- 
sion of reporter sencs such as GUS arc disclosed below. The 
assays are typically carried out less than 72 hours after 
contact with the Agrobacterium. Pretiwably, assays are car- 
ried out from 6 to 60 hours after contact. More preferably, 
the assays are carried out from 12 to 48 hours after contact. 

II* Transformation of DNA constructs into cotton fiber 
cells 

DNA constructs of the invention may be introduced into 
cotton fiber cells by a variety of conventional techniques. A 
key difference between these transformation techniques and 
the invention al issue is that in the invention at issue, no 

plants arc regenerated and no selection ol transformed plants 
(e.g. using an antibiotic such as kanamycin to select against 
untransformcd plants) is necessary. DNA constructs may be 
combined with suitable T-DNA flanking regions and intro- 
duced into a conventional Agtvbacterium tiunefadens host 
vector. The virulence functions Of the AgrobOCterittm turnc* 
facie ns host wflj direct the insertion of the construct and 
adjacent marker into the plant cell DNA when the coll is 
infected by the bacteria. Agrabacteriiun him&fadena- 
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mediated transformation techniques, including disarming 
and use oi* binary vector arc well described in the scientific 
literature. See, for example Horech ct a!,. Science 
233;49o-498 (1984), and Fralcy ct al., Proc. Natl Acad. Scl 
5 USA 80:4803 (1983). 

The DNA construct also may be introduced directly into 
the plant cell using techniques such as electroporation and 
microinjection of plant cell protoplasts, or the DNA con- 
structs can be introduced directly to plant tissue using 
10 ballistic methods, such as DNA particle bombardment. 
Microinjection techniques are known in the art and well 
described in the scientific and patent literature. The intro- 
duction of DNA constructs using polyethylene glycol pre- 
cipitation is described in Paszkowski ct al., EMBO J. 
3:2717-2722 (1984). KlcclrorX) ration techniques arc 
15 described in Fromm et al„ Pwc. Natl Acad- ScL USA 
82:5824 (1985), Ballistic transformation [echriiqucs are 
described in Klein et a]., Nature 327:70-73 (1987). 

The age of the ovules which bear the cotton fiber ceils 
used iu the methods nf the invention can be selected to 
2fl provide expression, of the introduced construct. In particular, 
the age of the ovule is preferably between about 7 and about 
15 days post-amhesis. A more preferred range is between 
about 9 and about 14 days- 
The following Example is offered by way of illustration, 
2$ not limitation. 

EXAMPLE 1 

Cotton fibers that were 9 to 14 days post-aothesis were 
cultured in vitro with their associated ovules according to 
30 the method of Boaslcy and T\n$,Amer. J. Bot 60:130-139 
(1073). Engineered Agnobacteriivn tumefitcicnx liHAlOS 
(see Hood et al r J. ftacteriol 1 68: 1 283-1 290 (1986)) grown 
to mid-log phase and harboring binary vector pBI 101.1 (for 
sequence and technical data, see httjp:/A r ectordb.atcgxom/ 
M vectordb/ vcclor_.descrip/COMPL£TOPBI101 t SEQ.htjnl) 
that contained the ^-glucuronidase (GUS) reporter gene 
operably linked to the Racl3 promoter (see PCX WO 
96/40924 (Dec. 19, 1996)) was subsequently contacted to 
the cotton ovules/fibers for one hour. The ovules/fibers wero 
40 then rinsed and then co-cultivated for two days at 30° C, 'Ibe 
bacteria wero subsequently removed by two successive 
washes of the ovules/fibers with growth medium containing 
70 /Kg/mL carhenicillin. The ovules/fibers were then incu- 
bated for 24 hours at 30° C. 
45 Fibers were assayed for GUS expression by assaying for 
GUS enzyme activity using X-Glc as a substrate. Strong 
expression of the GUS reporter gene was observed within 
minutes from the beginning of the assay, indicating high 
levels of transient expression. Microscopic examination 
itn revealed that the enzyme activity resided within the cotton 
fiber cells and that at least 50% of the total libers expressed 
GUS activity. Agrobacierium ttonefaciens cells containing 
the expression cassette did not express GUS activity, in 
experiments whero the RAC13 promoter was replaced with 
53 the 1\ 2' promoter from A, ttmtefuciens, the cotton fibers had 
detectable, but weaker expression compared to the Racl3 
construct. 

The above example is provided to illustrate the invention 
hut not to limit its scope. Other variants Of the invention will 
so be readily apparent to one of ordinary skill in the art and are 
cr*corrrpassed by the appended claims. Ail publications, 
patents, and patent applications cited herein arc hereby 
incorporated by reference* 
what is claimed is: 
65 1. A method for testing gene expression in a cotton fiber 
cell without regenerating a whole transgenic plant, the 
method comprising: 
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contacting an isolated cotton fiber ceil, which is attached 
to an ovule, with Agrobacterium sp., said Agrobaeie- 
rium sp, comprising a recombinant, T-DNA vector* 
which vector comprise* a plant promoter operably 
linked to a polynucleotide of interest; nod 

detecting the product of the polynucleotide of interest, 
thereby testing for expression of the polynucleotide of 
interest under the control of said promoter in the 
isolated cotton fiber cell. 

2. 71k method of claim 1, wherein the promoter is a 
fiber-specific promoter. 

3. The method of claim 2, wherein the fiber-specific 
promoter is a ttactS promoter. 

4. The method of claim 1, wherein the promoter is a 
constitutive promoter. 

5. The method of claim 1, wherein the cotton fiber ceil is 
contacted with the Agrobacterium between about 9 and 
about 14 days post-antuesis- 

6. The method of claim 1, wherein the Agrobacterium is 
Agrobacterium tunxefaciens. 
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7, Tbe method ot claim 1, wherein the polynucleotide of 
interest alters the color of the cotton fiber cell. 

&. The method of claim 7, wherein the polynucleotide of 
interest includes sequences which target the product of the 
polynucleotide of interest to plastids in the cotton fltwr cell. 

p. The method of claim 1, wherein the polynucleotide of 
interest is a reporter gene. 

10. The method of claim % wherein the reporter gene 
encodes (J.ghicurouidase. 

11. The method of claim 1, wherein the cotton fiber cell 
is co-cultivated with the Agrobaclerhim sp. for up to 72 
hours. 

12. The method of claim H, wherein the cotton fiber cell 
is co-cultivated with the Agrobacterium sp. from 6 to 60 
bour.H. 

13. The method of claim 12, wherein the cotton fiber cell 
is co-cultivated with the Agrubactcrium sp. from 12 to 48 
hours. 

***** 
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